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a sample, with the sample being incubated, for the 
purpose of avoiding, diminishing and/or detecting the 
high-dose hook effect, with an anatyte-specific binding 
partner R1, which is associated with a solid phase, 
an analyte- specific binding partner R2. which is 
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The invention relates to a method for quantitatively or qualitatively detecting an analyte in a sample, with the sample being 
incubated, for the purpose of avoiding, diminishing and/or detecting the high-dose hook effect, with an analyte-specific binding 
partner R1, which is associated with a solid phase, an analyte-speclfic binding partner R2. which is associated with a label LI, 
and an anatyte-speclfic binding partner R3, which is associated a label L2, and the L1-dependent measurement signal 
being determined either at a different time from the L2-dependent or L1 plus L2-dependent measurement signal or using a 
different measurement method. 
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Absteact of the disclosure 

The invention relates to a method for quantitatively or 
qualitatively detecting an analyte in a sample, with 
the sample being incubated, for the purpose of 
avoiding, diminishing and/or detecting the high-dose 
hook effect, with an analyte-specif ic binding partner 
Rl, which is associated with a solid phase, an analyte- 
specific binding partner R2, which is associated with a 
label LI, and an analyte-specif ic binding partner R3, 
which is associated with a label L2, and the LI- 
dependent measurement signal being determined either at 
a different time from the L2-dependent or LI plus L2- 
dependent measurement signal or using a different 
measurement method. 
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Dade Bahrxng Marburg QnbH 2000/B008 - Ma 1222 

Dr. Au/Zi 

Detection Methods 

The invention relates to methods for quantitatively or 
5 qualitatively detecting an analyte in a sample. 

A variety of test methods, for example what are termed 
sandwich immunoassays, are employed for detecting 
analytes. In such an immunoassay, two antibodies bind 
to two epitopes on the analyte to be detected, such 
10 that a ''^sandwich complex'' is formed. 

In a heterogeneous sandwich immunoassay, one of the 
antibodies is bound to a solid phase (e.g. a 
macrotitration plate, magnetic particles, etc.) and is 
used for separating off the sandwich complex from the 

15 liquid phase, while the other antibody carries a 
detectable label (e.g. an enzyme, a fluorescent label, 
a chemiluminescent label, etc.) for the purpose of 
detecting the immune complex. These test methods are 
further subdivided into what are termed single-step 

20 sandwich immunoassays, in which the two antibody 
reagents are incubated with the sample simultaneously, 
and two-step sandwich immunoassays, in which the sample 
is firstly incubated with the solid phase reagent and, 
after a separation and washing step, the solid phase- 

25 bound antibody-antigen complex is incubated with the 
detection reagent. 

In a homogeneous sandwich immunoassay, such as a 
nephelometric latex test, the antibody reagents are 
incubated together with the sample, and measured, 
30 without a separation or washing step being carried out 
at any point in the method. Expressed in other words: 
no separation of the antibody-bound analyte from the 
free analyte takes place. 
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Lik:e the homogeneous sandwich immunoassay, the single-- 
step immunoassay has the advantage that it^ can be 
carried out more rapidly and can be automated more 
readily. However, a fundamental problem arises in the 
5 case of these test methods if the concentration of the 
analyte in the sample is very high. For example , 
analytes such as albumin, immunoglobulins , P2- 
microglobulin, human chorionic gonadotropin (hCG) , 
ferritin and alpha-f etoprotein (AFP) are known to be 

10 present at very high concentrations in samples- If 
unbound analyte is not removed, as it is in the two- 
step sandwich immunoassay, prior to incubation with the 
labeled antibody, the binding sites of the antibodies 
can become saturated without a sandwich complex having 

15 been formed. In the case of samples containing increas- 
ing concentrations of analyte, this results in the 
measurement signal initially increasing and then 
decreasing once again from a particular limit 
concentration onwards (see, e.g.. Fig. 1 in Papik et 

20 al. (1999) Clin. Chem. Lab. Med., 32: 471-476). This 
phenomenon, which is also known as the ^prozone effect" 
or ^^high-dose hook effect'^ , and is termed '^hook effect" 
in that which follows, results in the measurement 
signal obtained from samples containing very high 

25 concentrations of analyte being found within the 
standard curve region and these samples being 
incorrectly assigned an analyte concentrate which is 
much too low. 

It is therefore important to design the single-step 
30 immunoassay or the homogeneous sandwich immunoassay in 
such a way that the limit concentration is shifted as 
far as possible into the high analyte concentration 
range or, even better, beyond the naturally occurring 
analyte concentration range. A further, or alternative, 
35 precaution is to introduce a procedural step which 
registers a hook sample so that the analyte 
concentration can be determined after the sample has 
been diluted appropriately. 
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In connection with a turbidimetric test, Papik et al. 
propose achieving this object by using a very elaborate 
. computational method to analyze the reaction kinetics. 

EP-Al-0 787 986 proposes using polyclonal antibodies 
5 which have been purified by affinity chromatography in 
such tests. However^ this method suffers from the 
disadvantage that it cannot be applied in all test 
methods and, in particular^ not in non- immunochemical 
test methods. Further, polyclonal antibodies are not 
10 available for all analytes which are to be detected. 

US 4,590,169 and US 4,595,661 describe decreasing the 
hook effect by using antibodies having different 
affinities. According to US 4,595,661, the sample is 
incubated with a polystyrene sphere-bound antibody and 

15 two horseradish peroxidase-antibody conjugates, with 
the three antibodies binding to different epitopes on 
the protein to be detected and the two enzyme-labeled 
antibodies exhibiting affinities which are markedly 
different from each other. After the incubation, the 

20 unbound substances are removed by washing and the 
enzyme activity which is bound to the polystyrene 
sphere is measured. A disadvantage of these methods is 
that they require antibodies having differing 
affinities- A further disadvantage is the decrease in 

25 the sensitivity of detection in these tests, since the 
use of conjugates containing low-affinity antibodies 
results in the background signal being increased 
because of higher nonspecific binding to the solid 
phase . 

30 EP-A2-0 617 285 describes a homogeneous turbidimetric 
hCG test in which, for the purpose of decreasing the 
hook effect, the sample is first of all incubated with 
a soluble anti-hCG antibody fragment which possesses at 
least two binding sites for the analyte; latex 

35 particle-bound fragments of anti-hCG antibodies having 
a different epitope specificity are then added and the 
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change in absorption is measured. The addition of the 
unlabeled soluble antibody brings about an additional 
crosslinking of the lat«x particles and/ as a result, a 
shifting of the hook effect in the direction of higher 
5 analyte concentrations. However, homogeneous turbidi- 
metric measurement methods have the disadvantage that 
they do not exhibit the detection sensitivity which is 
required for certain parameters. 

For the skilled person, therefore, the object arises of 
10 developing detection methods, in particular those which 
exhibit a high degree of detection sensitivity, in such 
a way that a hook effect is avoided, diminished or at 
least recognized. 

This object is achieved by providing the method 

15 according to the invention as claimed in claim 1 . In 
this method for quantitatively or qualitatively 
detecting an analyte A in a sample, the sample is, for 
detecting, for avoiding and/or for diminishing the hook 
effect, incubated with an analyte A-specific binding 

20 partner Rl, which is associated with a solid phase, an 
analyte A-specific binding partner R2/ which is 
associated with a label LI, and an analyte A-specific 
binding partner R3, which is associated with a label 
L2. The binding partners R2 and R3 are selected such 

25 that a saturation of the analyte A-binding sites of the 
R2 binding partners present in the incubation mixture 
takes place at a higher analyte A concentration and/or 
at a later time in the incubation than does the 
saturation of the analyte A-binding sites of the R3 

30 binding partners which are present in the incubation 
mixture. The Ll-dependent measurement signal is either 
determined chronologically separated from the L2- 
dependent or LI plus L2-dependent measurement signal, 
or determined using another measurement method. 

35 Preference is given to the measurement signal in each 
case being measured by labels which are associated with 
the sandwich complexes which have been formed. 
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The test method according to the invention can be 
performed independently of the sequence in which Rl^ R2 
and R3 are added or of the respective period of 
incubation of the sample and the respective binding 
5 partner. Unbound reagent components and/or sample 
constituents can also be removed by a separation or 
washing step before the measurement signal (s) is/are 
measured. Such a separation and/or washing step can, 
for example/ also take place after the Ll-dependent 
10 measurement signal has been measured or before 
measuring any of the measurement signals . 

The measurement signals can in each case be detected^ 
for example, as single measurement values r mean values, 
medians or sums of several individual measurement 

15 values and/or in the form of kinetics. ""Different 
measurement methods" means methods which can detect the 
Ll-dependent measurement signal independently of the 
L2 -dependent or LI plus L2 --dependent measurement 
signal. For example, label LI could be a microparticle, 

20 which can be measured using a nephelometric method, and 
label L2 could be an enzyme^ whose activity is 
determined photometrically, for example. In another 
test system, LI and L2 can be two fluorescent labels 
whose fluorescence in each case is measured at a 

25 different wavelength. For the further analysis, the 
ratio between the ""Ll value'' and the '"L2 value" or the 
"^L2 plus LI value" can be calculated, for example, with 
it being possible for the term "^value" to mean the 
measurement signal directly or a value which has been 

30 subject to further revision on the basis of the 
measurement signal and which is proportional to the 
measurement signal. The ratio which has been determined 
in this way can be compared with characteristic values 
which are specific for the test such that the person 

35 who is carrying out the test, or the automated machine, 
can rapidly recognize whether a hook effect exists 
and/or whether the sample should be measured once again 
at a suitable dilution. 
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The method is based on the formation of the sandwich 
complexes R1-A-R2 and R1-A-R3 being affected to 
different extents by the hook effect: a decrease in the 
measurement signal first occurs at a higher sample 
5 analyte concentration in the case of the R1-A-R2 
sandwich complex formation than in the case of the Rl- 
A-R3 sandwich complex formation. The skilled person can 
relatively simply determine the binding partners and 
reaction conditions which are suitable by in each case 
10 first of all measuring the R1-A-R2 sandwich complex 
formation and the R1-A-R3 sandwich complex formation in 
separate test methods. 

In a preferred embodiment of the invention/ binding 
partners R2 and R3 are the same binding partner. In 
15 this case, R2 is employed in the form of R2 aggregates 
and/or many R2 molecules which are associated with a 
suspendable solid phase, whereas R3 is employed as a 
solitary molecule, at least in the initial phase of the 
incubation. 

20 R2 and R3 can also be different binding partners. For 
example, it is possible to use, as R2, a binding 
partner which is directed against a binding site which 
occurs uniquely on the analyte, whereas R3 recognizes a 
binding site which occurs several times on the analyte. 

25 Furthermore, it is possible to use a binding partner R2 
whose ability to bind to the analyte is less pronounced 
than that of the binding partner R3 . 

As a rule, the detection sensitivity, i.e. the smallest 
analyte concentration which can still be detected with 

30 confidence, of the test system solid phase Rl and label 
R2 will be less than the detection sensitivity of the 
test system solid phase Rl and label R3. However, the 
test system solid phase Rl and label R2 will indicate 
correct concentration values, even at a relatively high 

35 analyte concentration. In other words, the test system 
solid phase Rl and label R2" covers the upper 
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measurement range better and the test system solid 
phase Rl and label R3" covers the lower measurement 
range better. By detecting the LI measurement signal^ 
which is proportional to the formation of the R1-A-R2 
complex, separately from the L2-dependent or LI plus 
L2-dependent measurement signal, it is possible to 
broaden the measurement range of the test method 
according to the invention and/or to recognize a hook 
effect. For example, if the LI measurement signal is 
higher than the highest value on the standard curve and 
the L2 measurement signal is within the standard curve, 
also termed calibration curve, that is then a sure sign 
of a '^high-dose hook sample". When a hook effect is 
detected, the sample is tested once again at an approp- 
riate dilution and the correct analyte concentration is 
determined* 

In contrast to the previously known methods ^ the method 
according to the invention is also widely applicable 
over and above the sphere of the immunoassay, e.g. in 
binding tests using nucleic acid molecules as specific 
binding partners. The method according to the invention 
does not require either antibodies which are specially 
purified or antibodies having different affinities. On 
the contrary, in a preferred variant of the method 
according to the invention, R2 and R3 are the same 
specific binding partner. Furthermore, the method 
according to the invention can more readily be 
automated . 

Another advantage of the method according to the 
invention is the possibility of broadening the 
measurement range: thus, the Ll-dependent measurement 
signal can be used, for example, to determine the 
concentrations of samples having higher concentrations 
whereas the L2-dependent measurement signal is used to 
determine the concentrations of samples having lower 
concentrations. As a consequence, fewer samples have to 
be diluted. 
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By appropriately selecting LI and L2 and/or the other 
method parameters, for example the concentration of R2 
and/or R3 in the incubation mixture, it is possible to 
optimize the method according to the invention such 
S that, despite the large measurement range and the 
reliable detection of the hook effect, the nonspecific 
binding of R2-L1 to the solid phase has no effect on 
the test sensitivity which is ensured by way of the Rl- 
solid phase and R3-L2 system. 

10 The method according to the invention can also be used 
particularly advantageously in the case of analytes 
which, because of analytes crossreacting with the 
specific binding partners, can only be determined with 
very great difficulty using a homogeneous sandwich 

15 assay and/or a single-step sandwich assay. Thus, it is 
customary to determine LH (luteinizing hormone) using 
an immunoassay which employs antibodies against the 
a-chain and antibodies against the LH--specific part of 
the p-chain. If hCG happens to be present in large 

20 quantity in the sample, this can result, in the case of 
a single-step sandwich test and/or a homogeneous test, 
in all, or almost all, binding sites of the antibodies 
directed against the a-chain being blocked with hCG 
molecules* As a consequence, the antibody-LH-antibody 

25 sandwich complex cannot form and the concentration of 
LH in the sample is ascertained incorrectly. Using the 
method according to the invention, it is now possible 
to measure such analytes using the much faster single- 
step sandwich test rather than, as is customary, using 

30 a two-step sandwich test: in this case, Rl is selected 
such that this binding partner recognizes the analyte 
and the crossreacting s\ibstances equally well and R2 
and R3 in each case specifically recognize either the 
analyte or the crossreacting substances. In order to 

35 continue with the above -described example for the 
purpose of illustrating the invention, use will be 
made, for example, according to the invention, of 
antibodies directed against the a-chain as Rl, of 
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specific anti-hCG antibodies as R2 and of specific 
anti-LH antibodies as R3. The LI signal, which is 
dependent on the formation of the Rl-hCG-R2 sandwich r 
indicates whether, for correctly determining the 
concentration of LH, the sample does or does not have 
to be measured once again, for example in a two-step 
iimnunoassay . This method according to the invention can 
also be used, in a corresponding manner, for measuring 
antibodies, in particular for measuring antibodies 
belonging to a particular immunoglobulin class, such as 
IgM, which are directed against a particular, for 
example viral or bacterial, antigen, with it being 
possible for the other antibodies which are present in 
the sample to be present in large excess. This above- 
described use of the method according to the invention 
is intended to be included, within the meaning of the 
invention, in the expression '''for detecting, for 
avoiding and/or for diminishing the hook effect'* . 

Preferred embodiments of the invention are described in 
Claims 2-19. Before these, and other preferred 
embodiments of the invention, are explained in further 
detail, some terms will be clarified in order to 
facilitate comprehension of the invention: 

In a ^''quantitative detection", the quantity or 
concentration of the analyte in the sample is measured. 
The term ^'quantitative detection" also encompasses 
semiquantitative methods which only detect the 
approximate quantity or concentration of the analyte in 
the sample or can only be used for providing a relative 
quantity or concentration value. A "^qualitative 
detection" is to be understood as meaning detecting 
whether the analyte is at all present in the sanple, or 
is absent from it, or indicating that the concentration 
of the analyte in the sample is below or above a given 
threshold value or several given threshold values. 
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The term *^analyte'' is to be understood as meaning the 
substance which is to be detected in the test method. 
Examples of an analyte are listed in EP-A2-0 515 194 on 
pages 8-15. The analyte can be a member of a specific 
5 binding pair. The analyte may possess one binding site 
(monovalent, normally a hapten) or several binding 
sites (polyvalent) . In immunochemical tests, such a 
binding site is frequently also designated as epitope* 
Furthermore, the analyte can be a single substance or 
10 else a group of substances which possess at least one 
single binding site in common. 

A monovalent analyte normally has a molecular weight of 
from about 100 to 2000, in particular of from 125 to 
1000. Many oligopeptides, oliognucleotides, oligo- 

15 saccharides, pharmaceuticals, drugs, metabolites, 
pesticides, etc., are encompassed by the term **a mono- 
valent analyte". A polyvalent analyte normally has a 
molecular weight of more than 5000, usually more than 
10,000. Examples of polyvalent analytes are poly- 

20 peptides, polysaccharides, nucleic acids, cells, cell 
constituents, including chromosomes, genes, 

mitochondria and other cell organelles, cell membranes, 
etc. The substances to be detected are frequently 
proteins. Such proteins may be members of a protein 

25 family whose members are characterized by similar 
structural features and/or by a similar biological 
function. Examples of analytically interesting protein 
families are proteins derived from pathogens, 
immunoglobulins^ cytokines, enzymes, hormones, tumor 

30 markers, metabolism markers, tissue-specific antigens, 
histones, albumins, globulins, scleroproteins, 
phosphoproteins , mucines , chromoproteins , lipoproteins , 
nucleoproteins, glycoproteins, proteoglycans, 

receptors, HLA, coagulation factors, cardiac infarction 

35 markers, etc. Examples of other analytically 
interesting substances are single-stranded and double- 
stranded oligonucleotides and polynucleotides. 
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Within the meaning of the invention, a "'sample"' is to 
be understood as being the material which is presumed 
to contain the substance (^'analyte") which is to be 
detected. The term sample encompasses, for example, 
biological fluids or tissues, in particular derived 
from humans and animals, such as blood, plasma, serum, 
sputum, exudate, bronchoalveolar lavage, lymph fluid, 
synovial fluid, seminal fluid, vaginal mucus, feces, 
urine, spinal fluid, hair, skin and tissue samples or 
sections- It also encompasses cell culture samples, 
vegetable fluids or tissues, forensic samples, water 
and effluent samples, foodstuffs and pharmaceuticals. 
The samples may have to be pretreated in order to make 
the analyte accessible for the detection method or in 
order to remove interfering constituents in the sample. 
Such sample pretreatment may involve separating off 
and/or lysing cells, precipitating, hydrolyzing or 
denaturing sample constituents, such as proteins, 
centrifuging samples, treating the sample with organic 
solvents, such as alcohols, in particular methanol, or 
treating the sample with detergent. Frequently, the 
sample is transferred into another, usually acjueous, 
medium which is intended to interfere as little as 
possible with the detection method. The analyte may 
also be amplified. For example, an amplification of 
nucleic acids leads to the generation of one or more 
copies of the nucleic acid chain to be detected. Such 
amplification methods are well known to the skilled 
person, e.g. '"polymerase chain reaction" <PCR) , ^'ligase 
chain reaction" (LCR) , ^amplification using Q beta 
replicase", ^"nucleic acid sequence-based amplification" 
(NASBA) , ""single primer amplification" (ASPP) , and 
others . 

A ^^specific binding partner" is to be understood as 
being a member of a specific binding pair. The members 
of a specific binding pair are two molecules which in 
each case possess at least one structure which is 
complementary to a structure possessed by the other 
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molecule, with the two molecules being able to bind to 
each other by means of the complementary structures 
binding to each other. The term molecule also 
encompasses molecular complexes, such as enzymes which 
5 are composed of an apo enzyme and a coenzyme, proteins 
which are composed of several subunits, lipoproteins 
which are composed of protein and lipids, etc- Specific 
binding partners can be naturally occurring substances 
or else, for example, substances which are prepared by 

10 means of chemical synthesis or using microbiological 
techniques and/or recombinant methods. Thus, specific 
binding partners can be now be selected with the aid of 
phage display libraries, by way of synthetic peptide 
databases or using *'*recorabinatorial antibody libraries" 

15 (Larrick & Fry (1991) Human Antibodies and Hybridomas, 
2:172-189). In order to illustrate the term specific 
binding partner, but not to be understood as being a 
restriction, the following may be mentioned by way of 
example; thyroxin-binding globulin, steroid-binding 

20 proteins, antibodies, antigens, haptens, enzymes, 
lectins, nucleic acids, repressors, oligonucleotides 
and polynucleotides, protein A, protein G, avidin, 
streptavidin, biotin, complement component Clq, nucleic 
acid-binding proteins, etc. Exan^les of specific 

25 binding pairs are: antibody / antigen, antibody / - 
hapten, operator / repressor, nuclease / nucleotide, 
biotin / avidin, lectin / polysaccharide, steroid / - 
steroid-binding protein, active compound / active 
compound receptor, hormone / hormone receptor, enzyme / 

30 substrate, IgG / protein A, complementary oligo- 
nucleotides or polynucleotides, etc. 

Within the meaning of this invention, the term **anti- 
body" is to be understood as being an immunoglobulin, 
e.g. an immunoglobulin of the IgA, IgD, IgE^ IgGi, 
35 IgG2a, IgG2b/ lgG3/ IgG^ and IgM class or subclass. An 
antibody possesses at least one binding site 
(frequently termed a paratope) for an epitope 
(frequently also termed antigen determinant) on an 
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antigen or hapten. Such an epitope is characterized, 
for example, by its spatial structure and/or by the 
presence of polar and/or apolar groups. The binding 
site belonging to the auitibody is complementary to the 
5 epitope. The antigen-antibody reaction, or the hapten- 
antibody reaction, functions in accordance with what is 
termed the ^^key^keyhole principle" and is as a rule 
very highly specific, i.e. the antibodies are able to 
distinguish between small differences in the primary 

10 structure, in the charge, in the spatial configuration 
and in the steric alignment of the antigen or hapten. 
What are termed the ''complementarity-determining 
regions^'' of the antibody make a particular contribution 
to the binding of the antibody to the antigen or 

15 hapten. 

The term ''antigens" encompasses monovalent and poly- 
valent antigens. A polyvalent antigen is a molecule or 
a molecular complex to which more than one immuno- 
globulin is able to bind simultaneously, whereas in 
20 each case only one single antibody can bind at a given 
time in the case of a monovalent antigen. A hapten is 
normally the name given to a molecule which is not 
immunogenic on its own and which, for immunization 
purposes, is normally bound to a carrier. 

25 Within the meaning of this invention, the term 
''antibody" is to be understood as meaning not only 
complete antibodies but also, expressly, antibody 
fragments, such as Fab, Fv, F(ab')2 and Fab'; and also, 
in addition, chimaric, humanized, bispeciflc, oligo- 

30 specific or "single-chain" antibodies; and, in 
addition, aggregates, polymers and conjugates of 
immunoglobulins and/or their fragments, providing the 
properties of binding to the antigen or hapten are 
retained. Antibody fragments can be prepared, for 

35 example, by enzymically cleaving antibodies with 
enzymes such as pepsin or papain. Antibody aggregates, 
antibody polymers and antibody conjugates can be 
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generated using a wide variety of methods r for example 
by means of heat treatment, by reacting with substances 
such as glutaraldehyde, by reacting with immune- 
globulin-binding molecules, by biotinylating antibodies 
5 and subsequently reacting with streptavidin or avidin, 
etc. 

Within the meaning of this invention, an antibody can 
be a monoclonal antibody or a polyclonal antibody. The 
antibody can have been prepared by means of customary 

10 methods, for example by immunizing humans or an animal, 
such as a mouse, rat, guinea pig, rabbit, camel, horse, 
sheep, goat or chicken (see also Messerschmid (1996) 
BlOforum, 11^:500-502), and subsequently isolating the 
antiserum; or by means of establishing hybridoma cells 

15 and subsequently purifying the secreted antibodies; or 
by means of cloning and expressing the nucleotide 
sequences, or modified versions thereof, which encode 
the amino acid sequences which are responsible for 
binding the natural antibody to the antigen and/or 

20 hapten. Where appropriate, recombinant methods can also 
be used to prepare antibodies in plant cells, such as 
yeast cells (Fischer et al. (1999) Biol. Chem., 
380:825-839; Hiatt et al. (1992) Genetic Engineering, 
14:49-64)), animal cells and procaryotic cells (see, 

25 e.g., WO 95/25172), and also isolated human cells. 

Within the meaning of this invention, the term '^solid 
phase" encompasses an object which is composed of 
porous and/or nonporous, as a rule water-insoluble, 
material and which can have a very wide variety of 

30 shapes, for example vessel, tube, microti tration plate, 
sphere, microparticle, rod, strip, filter paper or 
chromatography paper, etc. As a rule, the surface of 
the solid phase is hydrophilic, or can be made hydro- 
philic. The solid phase can be composed of a very wide 

35 variety of materials, such as inorganic and/or organic 
materials, synthetic materials, naturally occurring 
materials and/or modified naturally occurring mater- 
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ials. Examples of solid phase materials are polymers , 
such as -cellulose, nitrocellulose, cellulose acetate, 
polyvinyl chloride, polyacrylamide, crosslinked dextran 
molecules, agarose, polystyrene, polyethylene, poly- 
5 propylene, polymethacrylate and nylon; ceramics; glass; 
metals, in particular precious metals such as gold and 
silver; magnetite; mixtures and combinations thereof; 
etc. The term solid phase also includes cells, 
liposomes and phospholipid vesicles. 

10 The solid phase can possess a coating composed of one 
or more layers, for exanqple composed of proteins, 
carbohydrates, lipophilic substances, biopolymers or 
organic polymers, or mixtures thereof, in order, for 
example, to suppress or prevent the nonspecific binding 

15 of sample constituents to the solid phase or, for 
example, in order to achieve improvements with regard 
to the stability of particulate solid phases in 
suspension, or with regard to storage stability, 
formative stability or resistance to UV light, microbes 

20 or other agents having a destructive effect. 

The term "^associated" is to be understood broadly and 
encompasses, for example, a covalent and a noncovalent 
bond, a direct and an indirect linkage, adsorption to a 
surface and inclusion in a recess or a cavity, etc. In 

25 the case of a covalent bond, the antibodies or binding 
partners are bonded to the solid phase or the label by 
way of a chemical bond. Normally, a covalent bond is 
considered to exist between two molecules when at least 
one atomic nucleus in one of the molecules shares 

30 electrons with at least one atomic nucleus in the 
second molecule • Examples of a noncovalent bond are 
surface adsorption, inclusion in cavities or the 
binding of two specific binding partners. In addition 
to a direct linkage to the solid phase or the label, 

35 the antibodies or binding partners can also be bound to 
the solid phase or the label indirectly by way of 
specific interaction with other specific binding 
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partners (see also EP-A2-0 411 945) . This will be 
illustrated in more detail with the aid of examples: 
the biotinylated antibody can be bound to the label by 
way of label-bound avidin; or a f luorescein-antibody 
5 conjugate can be bound to the solid phase by way of 
solid phase-bound anti-f luorescein antibodies; or the 
antibody can be bound to the solid phase or the label 
by way of iinmunoglobul in-binding proteins . 

A ^^signal-forming system" can have one or more 
10 components r with at least one component being a 
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substances which react with enzyme products/ catalysts r 
activators, cof actors, inhibitors, ions, etc. 

Examples of suitable labels (see also EP-A2-0 515 194; 
US 5r340,716; US 5,545,834; Bailey et al- (1987) J. 
Pharmaceutical & Biomedical Analysis 5:649-658) are 
enzymes, including horseradish peroxidase, alkali 
phosphatase, glucose- 6-phosphate dehydrogenase, alcohol 
dehydrogenase, glucose oxidase, p-galactosidase, 
luciferase, urease and acetyl cholinesterase; dyes; 
fluorescent substances, including fluorescein isothio- 
cyanate, rhodamine, phycoerythrin, phycocyanin, 
ethidium bromide, 5-dimethylaminonaphthalene-l-sulf onyl 
chloride and fluorescent chelates of rare earths; 
chemilximinescent substances, including luminol, iso- 
luminol, acridium compounds, olefin, end ether, 
enamine, aryl vinyl ether, dioxene, arylimidazole, 
lucigenin, luciferin and aequorin; sensitizers, 
including eosin, 9, 10-dibromoanthracene, methylene 
blue, porphyrin, phthalocyanin, chlorophyll, Rose 
Bengal; coenzymes; enzyme substrates; radioactive 
isotopes, including I, I, C, H, P, s, ^, «-r, 
^^Fe, ^''Co and ''^Se; particles, including magnetic 
particles or particles, preferably latex particles, 
which can themselves be labeled, for example, with 
dyes, sensitizers, fluorescent substances, 

chemi luminescent substances, isotopes or other 
detectable labels; sol particles, including gold and 
silver sols; liposomes and cells which can themselves 
be labeled with detectable labels; etc. 

A signal-forming system can also encompass components 
which, being in spatial proximity to each other, can 
enter into a detectable interaction, for example in the 
form of energy donors and energy recipients, such as 
photosensitizers and chemoluminescent substances 
{EP-A2-0 515 194), photosensitizers and fluorophores 
(WO 95/06877), radioactive iodine^" and fluorophores 
(Udenfriend et al. (1985) procedure. Natl. Acad, Sci. 
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82:8672-8676), fluorophores and fluorophor^s (Mathis 
(1993) Clin. Chera. 39:1953-1959) or fluorophorea and 
fluorescence quenchers (US 3,996,345). 

An interaction between the components includes the 
5 direct transfer of energy between the components, for 
example by means of light or electron radiation, and 
also by way of short-lived reactive chemical molecules. 
Furthermore, this term also encompasses processes in 
which the activity of a component is inhibited or 

10 reinforced by one or more other components, for example 
the inhibition or enhancement of the enzyme activity, 
or the inhibition, enhancement or change (e.g. wave- 
length shift, polarization) of the electromagnetic 
radiation which is emitted by the affected component. 

15 The interaction between the components also encompasses 
enzyme cascades- In this case, the components are 
enzymes, at least one of which supplies the substrate 
for another enzyme, resulting in a maximum or minimum 
reaction rate of the coupled substrate conversion. 

20 As a rule, an effective interaction between the 
components takes place when these components are 
spatially adjacent, that is, for example, within a 
distance range of a few ]m, in particular within a 
distance range of less than 600 nm, preferably less 

25 than 400 nm, very particularly preferably of less than 
200 nm. 

Microparticles are frequently used as the solid phase 
and/or the label. Within the meaning of this invention, 
the term ^^microparticles'' is to be understood as 

30 meaning particles which have an approximate diameter of 
at least 20 nm and not more than 20 ym, usually between 
40 nm and 10 ym, preferably between 0.1 and 10 ym, 
particularly preferably between 0.1 and 5 ym, and very 
particularly preferably between 0.15 and 2 ym. The 

35 microparticles may have a regular or irregular shape. 
They can be spheres, spheroids, spheres containing 
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cavities of different sizes, or pores. The micro- 
particles can be composed of organic material or 
inorganic material, or of a mixture or combination of 
the' two types of material. They can be composed of a 
5 porous or nonporous material, or of a swellable or non- 
swellable materials While the microparticles can in 
principle have any density, preference is given to 
particles having a density which approaches the density 
of water, such as from about 0.7 to about 1.5 g/ml. The 

10 preferred microparticles can be suspended in aqueous 
solutions and are stable in suspension for as long a 
time as possible. They may be transparent, partially 
transparent or opaque. The microparticles can be 
composed of several layers, such as what are termed the 

15 ^^core-and-shell" particles, which have a core and one 
or more enveloping layers. The term microparticles 
encompasses, for example, dye crystals, metal sols, 
silica particles, glass particles, magnetic particles, 
polymer particles, oil drops, lipid particles, dextran 

20 and protein aggregates. Preferred microparticles are 
particles which can be suspended in aqueous solutions 
and which are composed of water-insoluble polymeric 
material, in particular of substituted polyethylenes . 
Very particular preference is given to latex particles, 

25 for example composed of polystyrene, acrylic acid 
polymers, methacrylic acid polymers, acrylonitrile 
polymers, acrylonitrile-butadiene-styrene, polyvinyl 
acetate-acrylate, polyvinylpyridine or vinyl chloride- 
acrylate. Latex particles which possess reactive 

30 groups, such as carboxyl, amino or aldehyde groups, on 
their surface, which groups enable specific binding 
partners, for example, to bind covalently to the latex 
particles, are of particular interest » The preparation 
of latex particles is described, for example, in EP 

35 0 080 614, EP 0 227 054 and EP 0 246 446. 



Preference is given to the method according to the 
invention being a heterogeneous or homogeneous binding 
test in accordance with the sandwich format. 
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In ^^homogeneous binding tests''/ no separation takes 
place between free and complex-bound analytes. Many 
turbidimetric or nephelometric methods represent 
examples of homogeneous immunoassays (see also 
5 Boguslaski & Li (1982) Applied Biochemistry and Bio- 
technology, 1_:401-^1A) with it being possible for the 
specific binding partners employed for the detection in 
these methods to be associated with latex particles; 
EMIT® tests; CEDIA® tests; fluorescence polarization 

10 immunoassays; luminescent oxygen channeling immuno- 
assays (EP-A2-0 515 194; Ullman et al. (1994) 
Procedure. Natl. Acad. Sci., £1:5426-5430; Ullman et 
al. (1996) Clinical Chemistry, 42^:1518-1526); etc. In 
what are termed the gene probe tests, the specific 

15 binding partners are as a rule nucleic acid chains 
which are at least partially complementary to sections 
of the nucleic acid chain to be detected. 

^Heterogeneous binding tests''' are characterized by one 
or more separation steps and/or washing steps. The 

20 separation can be effected, for example, by immune 
precipitation, precipitation with substances such as 
polyethylene glycol or ammonium sulfate, filtration, 
magnetic separation or binding to a solid phase, such 
as to a tube, a sphere, a microtitration plate well or 

25 a filter paper or chromatography paper. 

In ^^heterogeneous binding tests in accordance with the 
sandwich format", the analyte is normally bound by a 
solid phase-associated specific binding partner and a 
specific binding partner which is associated with a 

30 component of a signal-forming system. In this 
connection, the specific binding partners can be 
different or identical, for example, in a sandwich 
immunoassay, an analyte-specif ic monoclonal antibody 
can be employed both as the catching agent (e.g. as the 

35 solid phase antibody) and as the labeled antibody, if 
the analyte possesses more than one epitope for this 
antibody. In the case of a sandwich immunoassay, the 
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specific binding partners can be analyte-specific 
antibodies or, if the analyte itself is an antibody, 
the antigen and/or a ^^modified antigen'', for example a 
labeled antigen, an antigen fragment or an antigen 
5 analog. Examples of such sandwich complexes are: solid 
phase-antibodyoanalyteoantibody-label or solid phase- 
antigenoanalyte (—antibody) oantigen-label • 

Within the meaning of this invention, the ^indirect 
immunoassay'' is a special embodiment of a heterogeneous 

10 immunoassay: in this case, the analyte is an antibody. 
One of the specific binding partners is its antigen 
and/or a modified antigen, and the other specific 
binding partner is as a rule an antibody which binds 
the analyte and/or an immunoglobulin-binding protein. 

15 Examples of such complexes, which can be formed in an 
indirect immunoassay, are: solid phase-anti-IgM 
antibodyoanalyte (=anti-HbsAg IgM) OHbsAg-label or 
solid phase-HbsAgoanalyte (=anti-HbsAg IgG)<>protein A- 
label . 

20 The above-described sandwich tests, including the 
indirect immunoassays, can also be carried out as homo- 
geneous test methods (see also EP-A2-0 515 194) . 

A preferred embodiment of the method according to the 
invention is one in which (i) the sample is incubated 

25 with an analyte A-specific binding partner Rl/ which is 
associated with a solid phase, an analyte A-specific 
binding partner R2, which is associated with a label 
LI, and an analyte A-specific binding partner R3, which 
is associated with a member X of a specific binding 

30 pair; (ii) at a later time, label L2, which is 
associated with the binding pair member Y, correspond- 
ing to X, of a specific binding pair, is added to the 
test mixture; and (iii) the measurement signal is 
determined at at least two times Tl and T2, with the 

35 earlier time Tl being at the latest shortly after 
adding label L2, which is associated with binding pair 
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member and the later time T2 being after adding 

label L2, which is associated with binding pair member 
Y- 

• The period of time defined by the phrase ''shortly after 
5 adding label L2" is to be understood in such a way that 
the period ''addition of label L2 to measurement of LI" 
is short as compared with the period "addition of label 
L2 to measurement of label L2"r i.e. preferably less 
than 30%/ particularly preferably less than 15%, of the 
10 period ^'addition of label L2 to measurement of label 
L2"- 

In a particularly preferred method, the time Tl is 
before adding label L2. 

Another preferred method according to the invention is 
15 one in which (i) the sample is incubated with an 
analyte A-specific binding partner Rl, which is 
associated with a solid phase, an analyte A-specific 
binding partner R2, which is associated with a label 
LI, and an analyte A-specific binding partner R3, which 
20 is associated with a member X of a specific binding 
pair; (ii) at a later time, label L2, which is 
associated with the binding pair member Y, which 
corresponds to X, of a specific binding pair, is added 
to the test mixture; and (iii) the measurement signal 
25 of LI and the measurement signal of L2 are determined 
using different measurement methods. 

The label LI could, for example, be a microparticle and 
the label L2 could be a fluorescent or chemi luminescent 
label, such that the measurement signal LI could be 
30 determined turbidimetrically or nephelometrically and 
the measurement signal of L2 could be determined using 
a fluorimeter or instrument for measuring chemi- 
luminescence. In another embodiment according to the 
invention, LI and L2 could, for example, be different 
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fluorescent labels whose fluorescent light is In each 
case detected at a different wavelength. 



Particularly preferred binding pairs XOY for the 
above-described methods are^ in particular/ 
5 biotinoavidin, biotinostreptavidin^ or haptenOanti- 
hapten antibodies, such as f luoresceinoanti- 
f luorescein , digoxinOanti-digoxin, or antigenoanti- 
antigen antibody, such as peroxidaseoanti-peroxidase, 
or nucleic acid pairs. 



10 A particularly preferred embodiment according to the 
invention is a test based on the LOCI™ method. In this 
case, the sample is incubated with an analyte A- 
specific binding partner Rl# which is associated with a 
sensitizer particle, an analyte A-specific binding 

15 partner R2, which is associated with a chemiluminescer 
particle, and an analyte A-specific binding partner R3, 
which is associated with a member X of a specific 
binding pair, preferably bio tin; (ii) at a later time, 
chemiluminescer particles, which are associated with 

20 the binding pair members Y, which correspond to X, 
preferably streptavidin and/or avidin, of a specific 
binding pair, are added to the test mixture; and (iii) 
the measurement signal is determined at at least two 
times Tl and T2, with the earlier time Tl being at the 

25 latest shortly after adding the chemiluminescer 
particles, which are associated with binding pair 
members Y, and the later time T2 being after adding 
chemiluminescer particles which are associated with 
binding pair members Y. The sensitizer molecules which 

30 are associated with the sensitizer particle can 
generate singlet oxygen when they are in the excited 
state. This singlet oxygen can react with the 
chemiluminescent compounds which are associated with 
the chemiluminescer particles, with the metas table 

35 compound which is formed decomposing once again with 
the production of a light flash. Since singlet oxygen 
is only stable in aqueous solutions for a short time, 
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the only chemiluminescer particles to be excited to 
emit light are those which, for example as a result of 
iiomune conqplex formation, are in the immediate vicinity 
of the sensitizer particles which have been excited, 
5 for example by means of light. The wavelength of the 
emitted light which is to be measured can be changed by 
using appropriate fluorescent dyes in the 
chemiluminescer particles • A detailed description of 
the LOCI™ method can be found, for example, in EP-A2-0 
10 515 194. The term ''sensitizer particles" is to be 
understood as meaning, in particular, microparticles 
which are labeled with one or more dyes which generate 
singlet oxygen when irradiated with light. The term 
"^chemiluminescer particles'' is to be understood as 
15 meaning, in particular, microparticles which contain 
dyes which react with singlet oxygen while emitting 
light- 

In the methods according to the invention, Rl and R2, 
Rl and R3r Rl, R2 and R3, or R2 and R3, can be the same 
binding partner; this applies, in particular, when the 
analyte to be detected possesses at least two identical 
binding sites. Thus, many bacterial antigens or many 
tumor markers, for example, possess repetitive epitopes 
such that several copies of a monoclonal antibody are 
able to bind to these antigens. In a test method 
according to the invention for detecting such antigens, 
such a monoclonal antibody could consequently be 
employed as binding partner '"Rl and R2", ""Rl and R3", 
^*R2 and RS'' or "Rl, R2 and RS''. In a particularly 
preferred embodiment, R2 and R3 are the same binding 
partner, with R2 preferably having to be associated 
with a suspendable solid phase. 

Furthermore, in the methods according to the invention, 
LI and L2 can be the same label, for example chemi- 
35 luminescer particles. Thus, in such a case, the 
measurement signal of the chemiluminescer particles 
could be determined turbidimetrically or nephelo- 



20 



25 



30 
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metrically as label LI and the measurement signal of 
the chemiluminescer particles could be determined as 
label L2 plus LI using a luminometer. In another 
embodiment f the measurement signal of the chemi- 
5 Iximinescer particles could be determined as label LI, 
and the measurement signal of the chemiluminescer 
particles as label L2 plus LI, in each case at 
different times using a luminometer. 

In a particularly preferred method according to the 
10 invention, the solid phase is a suspendable solid 
phase, preferably microparticles such as latex 
particles or magnetic particles. 

The suspendable solid phase can also function as a 
label, particularly when it consists of microparticles. 
15 Latex particles, magnetic particles and sensitizer 
particles constitute examples of a particularly 
preferred solid phase. 

A method according to the invention in which the 
binding partners R2 are associated with a suspendable 

20 solid phase is also very much preferred, particularly 
when they are covalently bonded to this phase. In this 
connection, the suspendable solid phase is, in 
particular, composed of microparticles, particularly 
preferably microparticles which constitute the label 

25 LI, or, very particularly preferably, composed of 
chemiluminescer particles. 

Another preferred method according to the invention is 
one in which, as a conseqpaence of the sandwich 
formation, components of a signal-forming system, which 

30 includes label Ll and/ or label L2, are brought to a 
distance from each other which permits an interaction, 
in particular an energy transfer, between these 
components, and the extent of the interaction is 
measured, e.g. the method, which is described above and 

35 in the examples, based on LOCI^ technology. 
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In a very particularly preferred method according to 
the invention^ the signal- forming system encon^asses 
photosensitizers which are associated with micro- 
particles and chemoluminescent substances which are 
5 associated with microparticles . 

Furthermore, the invention encompasses the use of an 
analyte A-specific binding partner Rl, which is 
associated with a solid phase, an analyte A-specific 
binding partner R2, which is associated with a label 

10 LI, and an analyte A-specific binding partner R3, which 
is associated with a label L2, for detecting, avoiding 
and/or decreasing the hook effect in a method, in 
particular a homogeneous sandwich test, for 
quantitatively or qualitatively detecting an analyte A 

15 in a sample. In this connection, the saturation of the 
analyte A^binding sites of the binding partners R2 
which are present in the incubation mixture takes place 
at a higher analyte A concentration and/or at a later 
time in the incubation than does the saturation of the 

20 analyte A-binding sites of the binding partners R3 
which are present in the incubation mixture, and the 
Ll-dependent measurement signal is either determined at 
a different time from the L2-dependent or LI plus L2- 
dependent measurement signal or is determined using a 

25 different measurement method. 

The invention also covers the use of • an analyte A- 
specific binding partner Rl, which is associated with 
a solid phase, an analyte A-specific binding partner 
R2, which is associated with a label LI, an analyte A- 

30 specific binding partner R3, which is associated with a 
member X of a specific binding pair, and a label L2, 
which is associated with the binding pair member Y, 
corresponding to X, of a specific binding pair, for 
detecting, avoiding and/or decreasing the hook effect 

35 in a method, in particular in a homogeneous sandwich 
test, for quantitatively or qualitatively detecting an 
analyte A in a sample. The saturation of the analyte A- 
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binding sites of the binding partners R2 which are 
present in the incubation mixture takes -place at a 
higher analyte A concentration and/or at a later time 
in the inciibation than does the saturation of the 
5 analyte A-binding sites of the binding partners R3 
which are present in the incubation mixture. 

Another part of the subject-matter of the invention is 
a test kit for a heterogeneous or homogeneous sandwich 
test for quantitatively or qualitatively detecting an 

10 analyte A in a sample, which kit contains an analyte A- 
specific binding partner Rl^ which is associated with a 
solid phase, an analyte A*specific binding partner R2, 
which is associated with a label LI, and an analyte A* 
specific binding partner R3, which is associated with a 

15 label L2, preferably in separate receptacles, and with 
the saturation of the analyte A-binding sites of the 
binding partners R2 which are present in the incubation 
mixture taking place, in the sandwich test, at a higher 
analyte A concentration and/or at a later time in the 

20 incubation than does the saturation of the analyte A- 
binding sites of the binding partners R3 which are 
present in the incubation mixture. 

Another test kit according to the invention for a 
heterogeneous or homogeneous sandwich test for 

25 quantitatively or qualitatively detecting an analyte A 
in a sample contains an analyte A-specific binding 
partner Rl, which is associated with a solid phase, an 
analyte A-specific binding partner R2, which is 
associated with a label LI, an analyte A-specific 

30 binding partner R3, which is associated with a member X 
of a specific binding pair, and a label L2, which is 
associated with the binding pair member Y, correspond- 
ing to X, of a specific binding pair, prefersibly in 
separate receptacles, and with the saturation of the 

35 analyte A-binding sites of the binding partners R2 
which are present in the incubation mixture taking 
place, in the sandwich test, at a higher analyte A 
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concentration and/or at a later time In the Incubation 
than does the saturation of the analyte A-bindlng sites 
of the binding partners R3 which are present in the 
incubation mixture. Particular preference is given to 
5 such a test kit in which the analyte A-specific binding 
partner R2, which is associated with a label LI, and 
the analyte A-specific binding partner R3/ which is 
associated with a member X of a specific binding pair, 
are present together in one receptacle. 

10 Furthermore, the invention relates to test kits which 
contain the components which are required for 
implementing the method according to the invention. 

Test kits according to the invention can also contain 
an information leaflet, dilution buffer, standards, 
15 controls, system reagents and/or other components which 
are required for carrying out the test. Particularly 
preferred test kits according to the invention contain 
an information leaflet which describes the method 
according to the invention. 

20 Fig. 1 shows a diagram of a preferred test method 
according to the invention {^^S" « solid phase) . In a 
first step, solid phase-Rl, analyte (^"A"; provided it 
is present in the sample) , R2-L1 and R3-L2 (or R3-X) 
are mixed together and this incubation mixture is 

25 incubated until time Tl. At time Tl, the measurement 
signal of the label LI which is contained in the 
binding complex solid phase-Rl-analyte-R2-Ll is 
determined. After that, Y-L2 (only in the case of R3-X) 
is added and the incubation mixture is incubated until 

30 time T2. After that, the measurement signal of the 
label L2 which is present in the binding complex solid 
phase-Rl-analyte-R3-X-Y-L2 is determined. If LI and L2 
are the same labels, preference is given to determining 
the measurement signal of both the labels LI and L2 

35 which are present in the binding complexes at time T2. 
Instead of measuring the measurement signal of the 
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bound labels^ it is also possible, in each case or 
alternatively, to measure the measurement signal of the 
unbound portion of the label, i.e. the label which is 
not present in the binding complex, in the incubation 
5 mixture • 

Fig. 2 depicts the determination of high-dose hook 
samples, with the magnitude of the signal at time T2 
being plotted against the ^'T2 signal/Tl signal value". 



The examples which are described below serve to 
10 illuminate some aspects of this invention in an 
exenplary manner and are not to be understood as being 
a restriction. 



BXAMPLBS: 



Abbreviations employed : 



15 ADx 

Biotin-X-NHS 

BSA 

C-bead-ADx 

20 

C-bead-ADx-DxAl 
CMO 

25 IX4AP 

DMF 

DMSO 

DxAl 

EDAC 
30 MES 

MOPS 

NaBHaCN 

NaHCOa 

NaOH 
35 NH2 



aminodextran 

sulfosuccinimidyl-6- (biotinamido) - 
hexanoate 

bovine serum albumin 
aminodextran-coated chemiluminescer 
particles 

aminodextran- and dextranaldehyde- 
coated chemiluminescer particles 
carboxymethyloxime or carboxymethoxyl- 
amine hemihydrochloride 
4 -dime thy laminopyridine 
dimethylformamide 
dimethyl sulfoxide 
dex t r ana 1 deh yde 

1- -ethyl-3- (dimethylpropyl) carbodiimide 

2- (N-morpholino) ethanesulfonic acid 

3- N- (morpholino) propanesulf onic acid 
sodium cyanoborohydride 

sodium hydrogen carbonate 
sodium hydroxide 
amino group 
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10 



15 



Sulfo-SMCC 

SC-ADx 
S'bead-ADx 

S-bead-DxAl 

S-bead-DxAl-SAV 
STUT 

TAPS 

TAR 

Tris 

Zn(BF4)2 



sulfosuccinixnldyl*4- (maleimidomethyl) - 
cyclohexan«-l-carboxylate 
single-coated amidodextran 
aminodextran-coated sensitizer 
particles 

dextranaldehyde-coated sensitizer 
particles 

streptavidin--coated onto S-bead-DxAl 
O- (N-succinimidyl) -N,N,N' -tetramethyl- 
uronium tetraf luoroborate 
3- [N-tris- (hydroxymethyl) methylaiaino] - 
propanesulfonic acid sodium salt 
thioxene, anthracene, rubrene 
tris (hydroxymethyl) aminomethane 
zinc fluoroborate 



Exanqple 1: Staining the latex particles 



1) Chemiluminescer particles 



Latex particles (Seradyn, Catalog No.: 83000550100890; 
dieuneter of approx. 0.2 ym) are suspended in a mixture 

20 composed of ethylene glycol, 2-methoxyethanol and NaOH 
(65.4%, 32.2% and 2.3%) and stirred at 95*C ± 3*C for 
40 minutes. Thioxene (203 mg/g of particles), l--chloro- 
9, 10-bis (phenylethynyl) anthracene (16 mg/g of par- 
ticles) and rubrene (27 mg/g of particles) are 

25 incubated at 95 ± 3*C for 30 minutes in a 2-ethoxy- 
ethanol solution. The two mixtures are combined and 
incubated for a further 20 minutes while being stirred. 
After the 20 minutes, the particle suspension is cooled 
down to 40 ± 10*C. The stained particles are passed 

30 through a 4 3 micron mesh polyester filter and washed 
(Microgen Lab System) • The particles are first of all 
washed with a solvent mixture composed of ethylene 
glycol and 2-ethoxyethanol (70% and 30%, 500 ml per 
gram of particle) and then with 10% ethanol (pH 10-11, 

35 400 ml per gram of particles) . 
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2) Sensitizer particles 

Latex particles (Seradyn, catalog No. 83000550100890; 
diameter approx. 0.2 ym) are suspended in a solvent 
mixture composed of 2-ethoxyethanol/ ethylene glycol 
5 and NOH (65.4%, 32.2% and 2.3%) and stirred at 95 "C ± 
3*C for 40 minutes. The sensitizer dye (t-butyl 
silicone phthalocyanine) is dissolved in benzyl alcohol 
(92 g of dye / 5 ml / g of particles) and heated at 
95 "C ± 3*C for 30 minutes. After the two incubation 

10 times have come to an end, the mixtures are combined 
and stirred for a further 20 minutes. The particle 
suspension is cooled down to 40 ± 10 and filtered 
through a 43 micron mesh polyester filter and then 
washed. The particles are first of all washed with 

15 ethyl alcohol (700 ml per gram of particles) and 
subsequently with 10% ethanol (pH 10-11^ 600 ml per 
gram of particles) . 

Sxanple 2: Preparing aainodextran (ADx) 

Several methods for preparing aminodextran are known. 

20 One method will be presented here. Hydropropyldextran 
(1 NH2/7 glucose) is prepared by dissolving dextran T- 
500 (Pharmacia, Uppsala, Sweden; 50 g) in 150 ml of 
water in a spherical glass receiver fitted with a 
stirrer and a dropping funnel. 18.8 g of Zn(BF4)2 are 

25 added to the solution, which is then brought to a 
temperature of 87 using a water bath. Epichlorohydrin 
(350 ml) is added dropwise to the solution, while 
stirring, within the space of 30 minutes . The mixture 
is stirred at 85*C to 95'C for a further 4 hours and 

30 then cooled down to room temperature. The resulting 
chlorodextrin is precipitated, by adding the solution 
to 3 1 of methanol, while stirring, and, after that, 
filtered and dried overnight in a vacuum oven* 

The chlorodextran is dissolved in 200 ml of water and 
35 this solution is added to 2 1 of 36% ammonia. The 
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solution is stirred at room temperature for 4 days and 
then concentrated down to 190 ml in a rotary 
evaporator. The concentrate is divided into two equal 
parts and in each case slowly added to 2 1 of methanol. 
5 The precipitate is filtered off and dried in a vacuum 
oven. 

The dried precipitate is dissolved in 50 mM MOPS, 
pH 7.2 (12.5 mg/ml) . The solution is stirred at room 
temperature for 8 hours, then cooled {4-8**C) and 

10 centrifuged at 15,000 rpm for 45 minutes in a Sorvall 
RC-5B centrifuge. 23.1 g of Sulfo-SMCC in 1 ml of water 
are added to 10 ml of the supernatant. The mixture is 
incubated for 1 hour and used, without any further pre- 
treatment, for coating the stained chemiluminescer 

15 particles (see Example 4) . 

Example 3: Preparing dextranaldehyda (DxAl) 

Dextranaldehyde is prepared by stirring 400 g of 
Dextran T-500 (Phamacia, Uppsala, Sweden), at 70*C, in 
1.5 1 of water in a 4 liter flask. The solution is 

20 filtered, and a Zn(BF4)2 solution (400 ml, 25% by weight 
in water, pH 1.8) is added under argon. Allyl-2,3- 
epoxypropylether is added in portions (3 x 500 ml, 8-10 
ml/min) at a temperature of 70**C. The solution is 
stirred at 80 and under argon for a further 12-13 

25 hours. After that, the reaction mixture is cooled down 
and added to 6 1 of water. The dilute mixture is 
subjected to ultrafiltration using a Microgen 
tangential flow diafiltration system and concentrated 
down to 1.0-1.5 1. 

30 The allyloxydextran is then ozonylated while stirring. 
The ozone is generated using an ozonizer and bubbled 
through the allyloxydextran solution under pressure 
(9.0 psi) at a flow rate of 2 liters per minute. 10 ml 
of heptanol are added as an anti-foaming agent. After 

35 approx. 10 hours, the solution is cooled down to 10*C. 
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50 ml of dimethyl sulfide are added under argon. After 
10 hours of continuous stirring, the dextranaldehyde is 
purified by means of a Microgen Ultrafiltration. 

Exanple 4: Preparing aminodaxtran-coated TAR parUples 
5 (C-tead-ADx) 

1 ml (22 mg/ml) of the stained chemilurainescer 
particles (Example 1/ paragraph 1) are mixed with 1 ml 
of an aminodextran solution (20 mg/ml, MW 500K, see 
Example 2 ) in 0.05 MES, pH 6.0, in the presence of 

10 3.8 mg of EDAC/ml. After having been incubated at room 
temperature ('*RT'^) in the dark for 16 hours, the 
particles are washed with 2 ml of 0.05 M MES and, after 
that, with 6 ml of 0.05 M MES (1 M NaCl, pH 6.0). The 
particles are taken up in 1 ml of 0,05 M MES, pH 6.0 

15 (22 mg of SC-ADx particles /ml ) . The particles are 
washed by being centrifuged (Sorval RC-5 B Plus or 
Eppendorf 5415C centrifuge) and resuspended by means of 
sonication (Bia nson Sonif ier-450) . 

Bxan^le 5: Coating the C-Jbead-AOx with doxtsanaldehyde 

20 1 ml of a dextranaldehyde solution (20 mg/ml, see 
Example 3, MW 50 OK) and 1 ml of a 22 mg of C-bead- 
ADx/ml solution (0.05 M MES, pH 6) are incubated 
together with 2 mg of NaBHaCN/ml. After having been 
incubated at 31^C and in the dark for 20 hours, the 

25 particles are washed twice with 5 ml of MES buffer. The 
particles are then suspended in 0.5 ml of 0.05 M MES, 
0.4% Tween 20, pH 6 (40 rag of C-bead-ADx-DxAl/ml) . 

EaEanple 6: Coating thei c-bead-ADx*DxJll with anti-human 
IgG antibodiea 

30 Antibody-coated particles are prepared by mixing equal 
volumes of an antibody solution (20 mg of anti-human 
IgG antibody /ml in 0.05 M MES, pH 5.0) and a particle 
suspension (40 mg of C-bead-ADx-DxAl/ml in 0.05 M MES, 
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0-4% Tween-20, pH 6) in the presence of 0,5 mg 
NaBHsCN/ml. After incubating at room temperature for 16 
hours, the remaining aldehyde groups are reacted with 
0.08 M CMO (carboxymethyl oxime or carboxymethoxyl- 
5 amine) at 37*C for 90 minutes. The particles are then 
washed 3-4 times with a suitable buffer (tris buffer, 
1% BSA, 0.1% Zwittergent 3-14). After the last 
resuspension, the concentration of the particles is 
1 mg/ml, 

10 Sxanple 7: Prepariag <textr«naldAhydki-coated sensitizer 
particles (S-bead-DxAI) 

The sensitizer particles from Example 1, paragraph 2, 
are diluted down to 20 mg/ml in water. They are then 
adjusted to a concentration of 18 mg/ml with 300 mM 

15 TAPS buffer, pH 9.0. Hydrazine (36.3 yl/g of 
particles), STUT (0.456 g/g of particle) and DMAP (23.2 
mg/g of particles) are added. STUT (freshly prepared in 
DMF, 10%) is added in 4 portions every 15 minutes. DMAP 
(freshly prepared in DMF, 10%) is added after the first 

20 addition of the STUT. After each addition of STUT, the 
pH is readjusted to 9.0. After stirring at room 
temperature for one hour, the particles are washed with 
10 times their volume of TAPS buffer, pH 9.0 (Microgen 
system) . 

25 The particles are taken up in 1 mM TAPS buffer 
(20 mg/ml) and this suspension is slowly added, while 
stirring vigorously, to 40 mg of dextranaldehyde/ml in 
acetate buffer, pH 5.0. After 30 minutes, the reaction 
temperature is adjusted to 50*^0 and the mixture is 

30 incubated for a further 18 hours while being stirred. 
The particles are then washed with 25 times their 
volume of water (Microgen system) . 
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Basainpltt 8: Preparing str^tavidin-ooated Mnsitisar 
particles <5-baad-OxAl-SAv) 

The dextranaldehyde-coated particles (S-bead-DxAl, 
100 rag/ml) are added to a streptavidin solution 
5 (30 mg/ml, in 10 mM phosphate buffer, pH 7) . The 
solution is stirred at 37 ""C for 1 hour. After that, 
sodium cyanoborohydride (NaBHaCN in water, 50 rog/ml, 2% 
of the total volume) is added while stirring and the 
total mixture is stirred at 37 "C for a further 40-72 

10 hours. After that, 1 M carboxymethoxyl amine (CMO) in 
acetate buffer, pH 5, is added (1.5% of the total 
mixture) and the whole is inc\ibated for a further two 
hours. After that, the particles are washed with 25 
times their volume of a protein-free buffer (0.1 M 

15 tris, 0.3 M NaCl, 25 nM EDTA, pH 8.2). 

Exaaxple 9: Preparing rubella antigen-coated aenaitizer 
particles 

In order to prepare rubella antigen-coated sensitizer 
particles, the dextranaldehyde-coated particles (S- 

20 bead-DxAl) are reacted, in a first step, with L-lysine 
and, in a second step, with succinic anhydride. The 
rubella antigen is then coupled onto the carboxyl 
groups. 10 ml of a lysine solution (40 mg/ml in MES, 
pH 6.0) are added to 10 ml of S-bead-DxAl particles 

25 (100 mg/ml in 50 mM MES, 0.2% Tween 20, pH 6.0). 200 pi 
of a 10% Tween 20 solution are then added. 2 ml of a 
freshly prepared sodium cyanoborohydride solution 
(25 mg/ml in H20) are added. The mixture is incubated 
at 37 "C for 4 hours. After that, a further 2 ml of a 

30 freshly prepared sodium cyanoborohydride solution (25 
mg/ml in H2O) are added. The reaction mixture is 
incubated at 37 for a further 16 hours on the roller- 
type mixer. After that, 10 ml of borate buffer (200 mM, 
pH 9.0) are added and the mixture is centrifuged for 30 

35 minutes (16,000 rpm, lO'C) and the supernatant 
discarded. The pellet is taken up, and resuspended, in 
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15 tnl of borate buffer. This mixture is then sonicated 

xii a wactsx uacii udxi&9 ^ ownxxxvx pux»e# wucpuw 

5/ DC 50%) . 

10 ml (500 mg) of the S-bead-DxAl-lysine particles are 
5 mixed with 34.5 ml of borate buffer. The following are 
then added to the mixture: 0.5 ml of a 10% Tween 20 
solution and 1 ml of a succinic anhydride solution 
(10 rag in 100 ml of mSO) • The mixture is stirred at 
room temperature for 2 hours. A further 1 ml of a 

10 succinic anhydride solution (10 mg in 100 ml of DMSO) 
is added and the mixture is incubated at room 
temperature for 16 hours while being stirred. 10 ml of 
MES buffer (50 mM MES, pH 5.0) are then added and the 
mixture is centrifuged (30 minutes^ 16,000 rpm, 10*C) • 

15 The supernatant is discarded and the pellet is 
resuspended in 40 ml. The washing procedure is repeated 
two to three times. In conclusion, the pellet is 
resuspended in approx. 8 ml of MES buffer (50 mM, 0.1% 
Tween 20, pH 5.0} and homogenized with the Sonifier 250 

20 (30 pulse, output 5, DC 50%) . 

ExMoplm 10: Preparing biotinylated ruballa antlgm 

In order to prepare biotinylated rubella antigen, 
6.5 ml of the rubella antigen solution (0.6 mg of 
rubella antigen/ml in 0.1 M NaCO3/0.25% Tween) are 
25 mixed, while stirring, with 650 yl of biotin-X-NHS 
supplied by Pierce (1.2 mg/ml in DMSO) . After 22 hours, 
the mixture is desalted on a Pierce desalting column 
(Presto™) using 0.05 M phosphate, 0.15 M NaCl, 0.25% 
Tween 20, pH 7.6. 

30 Sxaasple 11: Carrying out: an iimimnoassay according to 
thtt invention (^^hxgfa-dose hook assay'') 

10 yl of sample are mixed with 50 ^xl of a particle 
suspension (C-bead-ADx-DexAl coated with anti-human IgG 
antibodies, 50 ug/ml. Example 6) and 50 pi of a rubella 
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antigen-coated particle suspension (S-bead-DxAl coated 
with rubella anLly«ftii, 0.2 oiy/iul; Exciiu^l^^ 3) auu 50 \a1 
of a biotinylated rubella antigen solution (5 yg/ml), 
and the mixture is incubated at 37 for 196 seconds 
5 (or 359 seconds) . After these 196 seconds (359 
seconds)/ the first signal (time Tl> is recorded • After 
a further 81 seconds (or immediately after Tl, 
respectively) , 50 ^il of the S-bead--DxAl-SAv suspension 
(0.2 mg/ml) and 75 ul of assay buffer (0.1 M tris 
10 buffer, 0.3 M NaCl, 25 roM EDTA, 1 mg of BSA/ml, pH 8.2) 
are added to the mixture and the whole is incubated at 
37 for 264 seconds. After that, the second signal 
(time T2) is recorded. 

Exanpl* 12: Carrying oat a standard assay 

15 10 pi of sample are mixed with 50 yl of particle 
suspension (C-bead-ADx-DxAl coated with anti-human IgG 
antibodies^ 50 yg/ml. Example 6) and 50 pi of 
biotinylated rubella antigen solution (5 pg/ml) , and 
the mixture is incubated at 37 'C for 277 seconds. After 

20 that, 100 pi of the S-bead-DxAl-SAv suspension (0.1 
mg/ml) and 25 pi of assay buffer are added to the 
mixture and the whole is incubated at 37 •c for 264 
seconds. After that, the signal (time T2) is recorded* 

The results of the different immunoassay formats are 
25 compared in Table 1: 
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The high-dose hoolc sample can now be determined with 
the aid of the signal magnitude at time Tl or with the 
aid of the signal magnitude at time T2 related to the 
T2 to Tl signal ratio. Figure 2 clarifies this inter- 
5 relationship. In the case of samples having relatively 
high titers, the signal at time Tl will also increase 
until the high-dose hook region is reached in this case 
as well. Consequently/ the value for T2 to Tl will keep 
on decreasing, as will the value for the signal 
10 magnitude at time T2. Short incubation times (Tl) may 
be more advantageous for being able to identify the 
high-dose hook sample more effectively (see Fig. 2 as 
well) . 
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Dade Behring Marburg GtebH 2000/B008 - Ma 1222 
Claims 

1. A method for quantitatively or qualitatively 
5 detecting an analyte A in a sample, with the 

sample being incubated with an analyte A-specific 
binding partner Rl, which is associated with a 
solid phase, an analyte A-specific binding partner 
R2, which is associated with a label LI, and an 

10 analyte A-specific binding partner R3f which is 

associated with a label L2, and with the 
saturation of the analyte A-binding sites of the 
binding partners R2 which are present in the 
incubation mixture talcing place at a higher 

15 analyte A concentration and/or at a later time in 

the incubation than does the saturation of the 
analyte A-binding site of the binding partners R3 
which are present in the incubation mixture, which 
comprises determining the Ll -dependent measurement 

20 signal either at a different time from the L2- 

dependent or LI plus L2 -dependent measurement 
signal or using a different measurement method. 

2* The method as claimed in claim 1 for detecting, 
avoiding and/or decreasing the hook effect. 

25 3. The method as claimed in claim 1 or 2, wherein (i) 
the sample is incubated with an analyte A-specific 
binding partner Rl, which is associated with a 
solid phase, an analyte A-specific binding partner 
R2, which is associated with a label LI, and an 

30 analyte A-specific binding partner R3, which is 

associated with a member X of a specific binding 
pair; (ii) at a later time, label L2, which is 
associated with the binding pair member Y, 
corresponding to X, of a specific binding pair, is 
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added to the test mixture; and (iii) the measure- 
ment signal is determined at at least two times Tl 
and T2, with the earlier time Tl being at the 
latest shortly after adding label L2, which is 
associated with binding pair member Y, and the 
later time T2 being after adding label L2r which 
is associated with binding pair member Y. 

The method as claimed in claim 1 or 2, wherein (i) 
the sample is incubated with an analyte A-specific 
binding partner Rl, which is associated with a 
solid phase, an analyte A-specific binding partner 
R2, which is associated with a label LI, and an 
analyte A-specific binding partner R3, which is 
associated with a member X of a specific binding 
pair; (ii) at a later time, label L2, which is 
associated with the binding pair member Y/ corres- 
ponding to X, of a specific binding pair, is added 
to the test mixture; and (iii) the measurement 
signal of LI and the measurement signal of L2 are 
determined using different measurement methods. 

The method as claimed in one of claims 1-4, 
wherein the method is a heterogeneous or a homo- 
geneous sandwich test. 

The method as claimed in one of claims 1-5, 
wherein Rl and R2, Rl and R3, Rl, R2 and R3, or R2 
and R3, are the same binding partner. 

The method as claimed in one of claims 1-6/ 
wherein LI and L2 are the same label . 

The method as claimed in one of claims 1-7, 
wherein the solid phase is a suspendable solid 
phase, preferably microparticles • 

The method as claimed in claim 8, wherein the 
microparticles function as a label. 
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The method as claimed in one of claims 1-9^ 
wherein the binding partner R2 is associated with 
a suspendable solid phase, preferably 
microparticles . 

The method as claimed in claim 10, wherein the 
microparticles constitute the label Ll. 

The method as claimed in one of claims 1-11/ 
wherein, as a consequence of the formation of the 
sandwich, components of a signal-forming system, 
which includes label 1 and/or label 2, are brought 
to a distance from each other which permits an 
interaction, in particular an energy transfer, 
between these components, and the extent of the 
interaction is measured. 

The method as claimed in claim 12, wherein the 
signal-forming system comprises photosensitizers 
which are associated with microparticles and 
chemoluminescent substances which are associated 
with microparticles. 

The use of an analyte A-specific binding partner 
Rl, which is associated with a solid phase, an 
analyte A-specific binding partner, which is 
associated with a label Ll, and an analyte A- 
specific binding partner R3, which is associated 
with a label L2, for detecting, avoiding and/or 
decreasing the hook effect in a method, in 
particular in a homogeneous sandwich test, for 
quantitatively or qualitatively detecting an 
analyte A in a sample, and with the saturation of 
the analyte A-binding sites of the binding 
partners R2 which are present in the incubation 
mixture taking place at a higher analyte A 
concentration and/or at a later time in the 
incubation than does the saturation of the analyte 
A-binding sites of the binding partners R3 which 
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are present in the incubation mixture, wherein the 
LI -dependent measurement signal is determined 
either at a different time from the L2-dependent 
or LI plus L2-dependent measurement signal or 
using a different measurement method. 

The use of an analyte A-specific binding partner 
Rl, which is associated with a solid phase, an 
analyte A-specific binding partner R2, which is 
associated with a label LI, an analyte A-specific 
binding partner R3^ which is associated with a 
member X of a specific binding pair, and a label 
L2, which is associated with the binding pair 
member Y, corresponding to X, of a specific 
binding pair, and with the saturation of the 
analyte A-binding sites of the binding partners R2 
which are present in the incubation mixture taking 
place at a higher analyte A concentration and/or 
at a later time in the incubation than does the 
saturation of the analyte A-binding sites of the 
binding partners R3 which are present in the 
incubation mixture, for detecting, avoiding and/or 
decreasing the hook effect in a method, in 
particular in a homogeneous sandwich test, for 
quantitatively or qualitatively detecting an 
analyte A in a sample. 

A test kit for a heterogeneous or homogeneous 
sandwich test for quantitatively or qualitatively 
detecting an analyte A in a sample, which contains 
an analyte A-specific binding partner Rl, which is 
associated with a solid phase, an analyte A- 
specific binding partner R2, which is associated 
with a label LI, and an analyte A-specific binding 
partner R3, which is associated with a label L2, 
preferably in separate receptacles, and with the 
saturation, in sandwich tests, of the analyte A- 
binding sites of the binding partners R2 which are 
present in the incubation mixture taking place at 
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a higher analyte A concentration and/or at a later 
time in the incubation than does the saturation of 
the analyte A-binding sites of the binding 
partners R3 which are present in the incubation 
mixture . 

A test kit for a heterogeneous or homogeneous 
sandwich test for quantitatively or qualitatively 
detecting an analyte A in a sample, which contains 
an analyte A-specific binding partner Rl, which is 
associated with a solid phase, an analyte A- 
specific binding partner R2, which is associated 
with a label LI, an analyte A-specific binding 
partner R3, which is associated with a member X of 
a specific binding pair, and a label L2, which is 
associated with the binding pair member Y, corres- 
ponding to X, of a specific binding pair, 
preferably in separate receptacles, and with the 
saturation, in the sandwich test, of the analyte 
A-binding sites of the binding partners R2 which 
are present in the incubation mixture talcing place 
at a higher analyte A concentration and/or at a 
later time in the incubation than does the 
saturation of the analyte A-binding sites of the 
binding partners R3 which are present in the 
incubation mixture. 

The test kit as claimed in claim 17, wherein the 
analyte A-specific binding partner R2, which is 
associated with a label LI, and the analyte A- 
specific binding partner R3, which is associated 
with a member X of a specific binding pair, are 
present together in one receptacle. 

The test kit as claimed in one of claims 16-18 for 
carrying out the method as claimed in one of 
claims 1-15. 
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FIG1 
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FIG 2 
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